Abstract-Modern scientific facilities are often outcomes of projects that are first-of-a-kind, that is, minimal historical data are available for project costs and schedules. However, at Fermilab, there was an opportunity to execute two similar projects consecutively. In this paper, a comparative study of the design costs for these two projects is presented using earned value methodology. This study provides some insights into how to estimate the cost of a replicated project.
INTRODUCTION
A significant amount of basic and applied scientific research sponsored by U.S. government is conducted at several National Laboratories distributed throughout the country. Every year, the international scientific community benefits from major user facilities located at National Laboratories that are sponsored by Office of Science (SC) of U.S. Department of Energy (DOE). These laboratories are owned by DOE and operated by private organizations. These private organizations, also called contractors, have long histories of producing scientific breakthroughs by collaborating with universities around the world. With more than $400 million dollars of annual budget, most of these laboratories have individuals with scientific and technical foresights to bring innovative concepts into fruition. National Laboratories continue to build and operate high-end special purpose facilities that could not be done by universities alone. Building or upgrading such facilities can cost billions of dollars. The cost of constructing first-of-a-kind facilities, using innovative materials, hardware, and software systems, is becoming increasingly expensive.
Recently, Fermilab had a unique opportunity to upgrade two similar systems consecutively for its RunIl upgrade program. The first project was completed in 2005. The design phase of the second project is complete now. In this paper, a comparative study of the project cost for the design phases of both projects is presented. It is quite likely that a similar system will not be built again. However, an estimate of the scaling factors for the cost and effort for the first-of-a-kind and second-of-a-kind projects will be helpful for planning future projects. The lessons learned can be applied to other first-of-a-kind projects.
II. MOTIVATION
Since 1997, DOE sponsored various initiatives to improve project management processes within the department, as well as for its large network of contractors. The first step in this process was the execution of a baseline assessment done by a commission from the National Research Council. After the initial assessment was complete in 1999 [1] , As a follow-up, DOE sponsored a series of three progress reports on implementation of recommendations from the assessment. The first progress report was published during the year of 2001. In the second report, released during 2002 [2] , the assessment board paid particular attention to the first-of-a-kind and one-of-akind projects, often sponsored by SC. The board recognized that managing such projects with unique design concepts is difficult. However, public concerns for these increasingly expensive projects are also legitimate. As a custodian of public funds, DOE is obviously interested in assuring the public that these projects are executed in a financially responsible manner. The software subsystem is composed of the front-end real-time software and the main accelerator control software. The front-end software, developed using modern methodologies, would remain easily extendable, Although both TevBPM and MIBPM systems are similar in many respects, the MIBPM system is significantly more complex. It has to handle interactions of the Main Injector with other accelerators. The TevBPM system had to deal with one signal category, while MIBPM has to deal with six different types of signals. The resulting increase in complexities of the front-end software and the timing module design is reflected in the cost of design. The design for the new analog signal pre-processing modules also required significant amount of work.
work may take longer than expected. Firmware enhancements often take longer than expected.
The EAC profile for TevBPM software design flattened out after eighth month, where as that of MIBPM flattens out after four months. On the other hand, the software design cost for MIBPM was almost 70% of the cost for TevBPM. This can be safely attributed to the complexities of the MIBPM system. However, the bulk of the design was complete within four month. Although various project cost data was collected for both projects, we compare the EVMS measure called Estimate at Completion (EAC). The EAC measure for a particular task is defined to be the sum of the cost actually incurred up to the WBS status date and the cost estimated for remaining work to be done for that task. As described in [5] In figure 3 , the integrated efforts for both projects against the baseline plan for TevBPM are plotted. Integrated project effort for the first twelve months of the project includes efforts for definition of requirements, design, implementation and project management. The chart shows efforts in the units of one Full Time Employee (FTE) effort per month. As a first-of-a-kind project, the plan was somewhat pessimistic. However, the actual effort followed the general pattern of the plan. The total effort required for the MIBPM project is significantly smaller than that of TevBPM, which is to be expected.
V. CONCLUSION
As emphasized in the DOE progress report [2] , the first step to the success of a first-of-a kind project is to gather and understand the technical specifications. However, successful project managers must also estimate the cost of the design and prototype efforts, since they may last for years. In a large project, many of the components may not be first-of-a-kind. They may be based on another 
